The aetiopathogenesis of haemorrhagic shock encephalopathy syndrome (HSES) remains unclear and after concern that a novel environmental agent was the cause, There was no microbiological or epidemiological evidence to support the emergence of a novel environmental agent. Many of the features of HSES were, however, the same as those described in heat stroke and we suggest that the two conditions are the same even though there is usually no history of overt overheating.
clustering of admission times suggesting a peak onset period at night; lack of geographic clusters, of secular trends and, except for a slight excess in winter months, of seasonality.
Clinical and pathological features followed a highly consistent pattern, suggesting that HSES is an individual clinical entity distinguishable from conditions with similar presentations, such as septicaemia and Reye's syndrome.
There was no microbiological or epidemiological evidence to support the emergence of a novel environmental agent. Many of the features of HSES were, however, the same as those described in heat stroke and we suggest that the two conditions are the same even though there is usually no history of overt overheating. ( 9 Portugal,'0 New Zealand," Israel,'2 the United States,' the Far East,9 20 and further cases in the UK. [21] [22] [23] [24] [25] [26] After concerns that HSES might be a new disease caused by a novel environmental agent, ' the Public Health Laboratory Service Communicable Disease Surveillance Centre (CDSC) and the British Paediatric Association (BPA) set up a joint surveillance scheme in the British Isles. The results for 1982-4 have been reported26 and we now present the findings for 1985-8, after which surveillance was discontinued. During this second period information was collected in greater detail so that the features of HSES could be delinated more fully, with the object of assisting the diagnosis and elucidating the aetiopathogenesis.
Methods

CASE DEFINITION
Clinicians were given the following guidelines but were asked to report even if all nine criteria were not met. A child had to be under 16 years of age with acute onset of: (1) encephalopathy, (2) shock, (3) disseminated intravascular coagulation, (4) diarrhoea (may be bloody), (5) falling haemoglobin concentration and platelet counts, (6) acidosis, (7) raised hepatocellular enzymes, (8) renal function impairment, and (9) negative cultures of blood and cerebrospinal fluid.
The criterion that plasma ammonia concentration should be normal, used in the 1982-4 reports, had proved inconsistent26 so was discontinued for 1985-8. For the analysis, patients were allocated to one of three groups:
(A) Definite HSES: all nine criteria satisfied. (B) Probable HSES: either: (i) eight criteria satisfied but one not met or (ii) at least seven criteria satisfied but no information on the remainder.
(C) Indeterminatelnot HSES: either: (i) insufficient information, or (ii) another diagnosis more likely, or (iii) presence of a preceding event which may have distorted the clinical course.
CASE ASCERTAINMENT AND DATA COLLECTION
Between January 1985 and May 1986, cases were ascertained through 'passive' reporting by paediatricians throughout the British Isles as described previously.26 From June 1986 to December 1988, reporting changed to the 'active' system of the British Paediatric Surveillance Unit (BPSU). 27 The initial report generated a request to review case notes both from the first hospital and, where appropriate, from the referral centre. Epidemiological, clinical, and laboratory data were transcribed on to a standard proforma. Results A total of 65 patients was reported. Thirty two were classified as group A (definite HSES) and 20 as group B (probable HSES). The remaining 13 (group C) consisted of: (i) insufficient information (two cases); (ii) alternative diagnosis (three cases: septicaemia, toxic shock syndrome, valproate toxicity) and (iii) preceding event (eight cases: head injury, severe dehydration, laparotomy, adenotonsillectomy, severe hypoglycaemia, respiratory arrest, cardiac arrest (two cases)).
The following analyses include only the 52 group A and B cases.
EPIDEMIOLOGICAL FEATURES
The secular trends were unremarkable: there were 11 cases in 1985 (some of whom were described in another series24); seven in 1986, 18 in 1987, and 16 in 1988. The annual totals for the preceding three years had been 13, 22, and nine.26 Small numbers hamper interpretation of seasonality, but there were no clear trends either within each year or taking the period as a whole. However 29/52 (56%) of the cases occurred in the winter quarters (the same proportion as in the 1982-4 cases) with the highest numbers occurring in January and February (eight and nine respectively).
As in the previous years, cases were reported throughout the British Isles with no obvious clustering in place or time. Eighteen of the 52 patients were referred to a tertiary care centre. The remainder were managed in their local district general hospitals.
The age range was 6 to 140 weeks (median 14-5) for group A and 3 to 86 (median 16) for group B. The mean age (SD) of the 52 cases as a whole was 19-8 (21-1) weeks and the median and mode 15 weeks and 13 weeks respectively. Fifty (96%) patients were under 1 year of age. The male:female ratio was 14:18 for group A and 13:7 for group B.
CLINICAL FEATURES (TABLE 1) The 52 patients in groups A and B were clinically very similar and are considered together except where specified. Seven All patients except two were initially hypernatraemic, with a mean serum sodium concentration of 145 mmol/l and a highest value of 156 mmol/l. All were acidotic, the mean serum bicarbonate being mmol/l (minimum [6] [7] [8] [9] mmol/l) and the mean arterial or capillary pH being [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] (minimum 6 80). Acidosis was often hard to correct. Blood urea was usually slightly raised on admission and always rose higher over the next 48 hours to a mean maximum concentration of 17-0 mmol/l, the highest level being In eight of the cases where the ammonia was 100 ,tmol/l or more, the sample had been taken within an hour of admission; in each of these eight the concentration had fallen below 100 1JI within 24 hours. In five cases the timing of the raised concentration was not recorded; in one case it was recorded as normal on admission, but as 124 [tmol/l 36 hours later.
cta-Antitrypsin concentrations were available in 19 patients and were reduced (<20 [tmol/l) in six, including all three in whom samples were taken in the first 12 hours. Only three recordings of immunereactive trypsin were available, all taken after 24 hours: two were normal and one appreciably raised (>400 mg/ml). Pi phenotyping was available on four surviving babies; three were Pi MM and one Pi MZ. Creatine phosphokinase was raised (1886, 1921, and 4185 IU/l) in three of the four cases in whom it was assayed, the samples being taken between Small focal haemorrhages in many organs were a common feature. The lungs were usually congested, and often there was focal intraalveolar haemorrhage. The kidneys were usually normal, though some degree of acute tubular necrosis was seen in three cases. Adrenal haemorrhage and infarction was noted in four cases, and in one case there was infarction of the pituitary gland.
In 13 cases the brain was soft and/or swollen and in five of these there was cerebellar herniation; the three babies whose brains were not swollen had all died early in the illness.
Changes in the small gut were reported in three cases: in one, a degree of villous blunting, in the second, partial villous atrophy wlth crypt abscess formation, and in the third, an increase in acute inflammatory cells. In one baby aged 3 weeks, the youngest in the series, the only abnormality was in the macroscopic appear- Group B 35 ance of the large bowel, which was described as 'consistent with haemorrhagic colitis'. In this patient shock and encephalopathy had preceded bloody diarrhoea and she met the criteria for inclusion in group A. The hepatic findings are described below in some detail in view of the interest in distinguishing HSES from Reye's syndrome (see discussion).
The macroscopic appearance of the liver was described as normal in only three of the 16 cases.
Among the remainder it was 'pale', 'yellow' and/or 'fatty' (n=Il); 'congested' (n= 1); 'mottled reddish-brown' (n= 1). There were abnormalities in all 13 livers examined histologically. In five of these, all group A, fatty changes were described: in one, the fat occurred throughout the lobule, but was reported 'insufficient for Reye's syndrome'; in another it was a diffuse microvesicular infiltration 'in keeping with a Reye-like syndrome'; in the third it was described as an 'extreme degree of fatty change'; in the fourth it was periportal; in the last it was 'widespread with small and medium sized vesicles not displacing hepatocyte nuclei and not typical of Reye's syndrome'. In three of these five cases hepatic cell necrosis was also reported: centrilobular in two, widespread and focal in one.
Necrosis was also reported in three. further group A cases: centrilobular in one; widespread ('therefore not Reye's') in another and as 'massive infarction leaving only periportal cell remnants' in the third.
Overall, of the nine patients who had survived more than 48 hours and whose livers were examined histologically, six showed necrosis, and four had concomitant fatty changes. Of the four who had survived less than 48 hours, none showed necrosis and one showed fatty change.
There was no relationship between plasma ammonia concentrations and hepatic fatty changes.
Electron microscopy of liver tissue was available for only one patient and showed poor cellular preservation, 'blown' mitochondria, lysosomes containing dense areas, but no other distinctive features.
Discussion
This series of cases of HSES, ascertained by routine surveillance, had certain advantages over series reported from referral centres: it enabled epidemiological trends to be assessed; it represented a wider spectrum of the condition because it was not limited to cases severe enough to merit referral; and it allowed the evolution of a rapidly developing illness to be described from its outset.
The data confirmed other reports that most patients with HSES are aged between 3 and 4 months. ' 425 It has been proposed by Chaves
Carballo et al that HSES should not be diagnosed beyond the age of 1 year. 7 However, two of the patients, one in each group, were aged nearly 2 and nearly 3 years respectively, and older cases have also been described by others.5 7 15 24 26 28 The overall male excess and higher mortality among females in the previous survey26 was not seen among the 1985-8 cases. As in the earlier series, however, there was neither a distinct seasonal pattern ( The hyperammonaemia found in several of the patients in the present series was not as pronounced as that typically found in Reye's syndrome and there was a rapid reversion towards normal concentrations. Hyperammonaemia may be a non-specific accompaniment of severe illness and, moreover, ammonia assays are not always reliable when undertaken by laboratories not performing them regularly. Hypoglycaemia is similarly non-specific: it was a more prominent feature in the 1985-8 cases than in some series' 24 but has been reported by others.5 7 16 23 Hepatocellular enzymes are increased to a similar degree in both disorders, but liver histology, with experienced interpretation, should be distinctive. Fatty change is always present in the acute phase of Reye's syndrome, persists for about five days and is typically diffuse, with panlobular microvesicular infiltration ofhepatocytes, retention ofnuclear position, and no necrosis or inflammatory infiltrates.30 Fatty change was reported in five of the 13 HSES patients whose livers were examined histologically, but in only one of these was it described as consistent with Reye's syndrome. The illness duration was less than five days in all of this group.
Although the hepatic histological changes in Reye's syndrome are also seen in some other conditions, ultrastructural changes appear to be pathognomonic.30 There is little published information on hepatic ultrastructural changes in HSES.7 Electron microscopic examination could be useful in distinguishing it from Reye's syndrome for those cases with fatty livers, but this is best undertaken on antemortem biospy material, which may limit the feasibility of this approach.
The combination of bloody diarrhoea, renal failure, and disseminated intravascular coagulation may lead to confusion with haemolytic uraemic syndrome. However, in haemolytic uraemic syndrome the onset of the condition is usually less abrupt, diarrhoea precedes rather than accompanies the main illness, encephalopathy, if present, comes late, and liver function is seldom disturbed.
Staphylococcal toxic shock syndrome presents with the same abruptness as HSES and shares the features ofhigh fever, shock, and multisystem involvement. However, there is invariably a rash, not seen in HSES, and a focus of infection is usually evident (the scanty growth of staphylococci in three of our cases was attributed to contamination). Streptococcal toxic shock syndrome is a newly emerging entity which may not always be associated with a rash. It has mostly been described in adults and again there is usually an obvious focus of infection. Group A ,1 haemolytic streptococci were not isolated from any of the patients with HSES.
Various genetic disorders such as malignant hyperpyrexia and inborn errors of metabolism including disorders of ketogenesis, urea cycle disorders, and organic acidurias may present with sudden onset of encephalopathy in infancy or childhood. However, except in malignant hyperpyrexia, high fever is not normally a presenting feature. There may be a suggestive family or personal history, which was not recorded for any of the patients with HSES in the current series (in contrast to the 1982-4 survey26) except the two whose twin died the same night.
The simultaneous occurrence of HSES and SIDS in the pairs of twins in this series supports speculation about a link between the two conditions. "1 25 Other features supporting such a link are a similar age range, the modal age for HSES coinciding with the second peak of the bimodal distribution for SIDS, and the slight excess in the winter months. Among babies who are classified as having had an 'acute life threatening event' there may be some who have in fact had HSES.
In the absence of an established cause for HSES, explanation of its pathological features remains speculative. We suggest that most (if not all) may best be explained as secondary phenomena following a severe initial insult that affected many tissues.
Various stimuli, not necessarily infective, may cause leucocytosis and also trigger disseminated intravascular coagulation, thereby producing a rapid fall in haemoglobin and platelets. The severe acidosis of HSES is mainly metabolic and may arise initially from poor tissue perfusion and then from renal failure.
Hypoglycaemia was an unexpected and interesting finding; it may have resulted from sudden hepatic dysfunction, but its refractoriness raises the possibility of hyperinsulinaemia. Unfortunately, no insulin assays were undertaken. Although no pancreatic damage was observed at postmortem examination, the increase of amylase and trypsin is compatible with a leak of pancreatic enzymes.
Hypernatraemia could be explained by sweating; it was found before the onset of diarrhoea, so that intestinal fluid loss is a less likely explanation. The peaking of hepatocellular enzymes at about 48 hours suggests an evolving disorder of hepatic cells that subsequently resolves. Creatine kinase and trypsin were most often found to be raised and a1-antitrypsin to be depressed at the onset of the illness and then to revert to normal, suggesting that these were secondary rather than causative features.
Postmortem findings were generally nonspecific and were all consistent with reduced blood flow and hypoxia secondary to hypotension. In the absence of a clear understanding of the aetiopathogenesis of HSES, management has to be non-specific and supportive. The current survey did not aim formally to evaluate treatment, which essentially is a salvage operation after the initial catastrophic event preceding presentation. The variety of measures used were dictated by the course of the illness. It was not possible to demonstrate that any had a consistent beneficial effect, although early vigorous measures to counter cerebral oedema appeared to be associated with improved outcome.
We agree with others, that the term 'haemorrhagic' shock is misleading, because it implies that shock ensues from haemorrhage, whereas in fact it precedes it.44 As abrupt onset is invariable, we suggest that if a change of title is contemplated, 'acute shock encephalopathy syndrome' might be more appropriate. Alternatively, if the condition is indeed a form of heat stroke another title is unnecessary.
We propose that the diagnoses of HSES be made on the basis of the features specified in our case definition, plus the exclusion of the similar disorders discussed above. We do not agree that an upper age limit of 1 year should be set or that patients with hypoglycaemia and hyperammonaemia should be excluded. We further suggest that clinical and pathological observations in future series should be reported in relation to the interval after onset, and that there is a need for more detailed and systematic histological and ultrastructural studies, particularly of brain and liver.
In conclusion, the data from this CDSC/BPA surveillance scheme do not suggest that HSES was a major new and increasing public health problem in the British Isles in the 1980s, associated with some novel environmental agent. However, although the disease is uncommon it is so severe that further studies to elucidate its aetiopathogenesis are essential, especially as the possibility of a preventable cause, namely hyperthermia, has been raised. 
